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§8. Fault Protection Properties of the SC 
Current Feeder System for LHD 
Yamada, S., LHD Group 
The SC current-feeder system should be reliable and 
safe~ even if faults such as power interruption during storms~ 
compressor trip by momentary voltage drop, and other 
accidents in the cryogenic system occur. The coil-
supporting structure and the helical-coil vessels do not have 
one-tmn breaks, so the large volume of liquid helium will 
evaporate by ac losses,. when the rapid current shutdown 
(called "1Q") occurs. Receiving a "10" signal,. a helimn 
refrigerator/ liquefier system is separated immediately from 
the SC coils and SC current-feeder system,. to avoid the 
compressor trip caused by the pressure increase by the 
evaporated helium gas return. On the contrary, the cooling 
process of the SC current-feeder system is automatically 
switched to the fault protection mode~ as shown in Fig. I. 
Figure 2 (a) shows a typical example of the rapid 
current discharge from 2.75 T to zero with a time constant of 
20 sec. The cooling process of the SC bus lines was 
switched from forced flow of two-phase helium to pool 
boiling as shown in Fig 2 (b)- The heater powers in both 
subcoolers stopped in force to eliminate the liquid helimn 
consumption as shown in Fig. 2 (c). It was confirmed that 
the cooling process in steady state was safely switched to 
that of the fault protection mode~ 
Figure 3 shows a typical example of the "1 Q" 
influence; (a) the pressures in the subcooler tanks and 
recovery line, (b) the mass flow rates in the current leads, 
and (c) the liquid helium levels of the coil-side terminals of 
the SC bus lines, when the "lQ" protection as shown in Fig. 
2( a) occurred. The pressure in the recuvery line increased 
immediately from 0.106 MPa to 0.133 MPa by the ac losses 
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Fig.1 Control scheme for the fault protection mode. 
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of the supporting structure and helical coil vessels, and Joule 
heat loss of the nonnal transitioned HI -I block coil. On 
the contrary, the pressure in the subcoolers also increased 
from 0.118 MPa to 0.138 MPa through the valve VX, so that 
the cooling of the currents leads could be sustained by the 
self -cooling conditions. The most parts of Iiquid-helimn 
levels in the coil-side tenninaIs of the SC bus lines could be 
kept in 100 %. The liquid-helium level of the HI-I 
terminal was slightly decreased by thermal conduction from 
the H 1-I block coil. However, the SC current-feeder 
system could be recovered to the steady-state condition 
within 30 minutes. 
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Fig.2 Typical examples of the fault protection mode. 
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Fig.3 The influences for the fault protection .. 
